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57 ABSTRACT
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Philippe Ampolini, Winston-Salem, NC The present disclosure relates to articles (and the manufacture
(US); Allen Michael East, Cary, NC thereof) that use electrical energy to heat a material to form an
(US); Raymond C. Henry, Cary, NC inhalable substance, the articles being sufficiently compact to
(US); William Robert Collett, be considered “hand-held” devices. In certain embodiments,
Lexington, NC (US) the articles can particularly be characterized as smoking
. articles. The smoking article can be adapted to detect the
(73) Assignee: R.J. REYNOLDS TOBACCO status of a cartridge portion of the smoking article. The smok-
COMPANY, Winston-Salem, NC (US) ing article includes a control body portion having a control
body engagement end, wherein the control body portion
(21)  Appl. No.: 13/788.455 houZes agco%ltrol component and a power source thgreli)n. The
(22) Filed: Mar. 7, 2013 article further includes a cartridge body portion that has a
cartridge body engagement end configured to removably
Publication Classification engage the control body engagement end of the control body
portion. The cartridge body portion houses a consumable
(51) Int.ClL arrangement and a heating connection operably engaged
GOIR 317327 (2006.01) therewith comprising at least one heating element and a fus-
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400 ~ Providing a control body comprising a control component, a
power source, and an optional current sense resistor

v
405 . . . . . . .
~ Providing a cartridge body comprising a heating connection

410 .
.| Removably engaging the cartridge with the control body so as
to establish a closed circuit wherein the power source, the
control component, the heating connection and the current
sense resistor are all in electrical connection with each other

415

™| Actuation by the control component of a low power pulse
flowing through the closed circuit

420 y

Measuring by the current sense resistor of the electrical current
flowing from the heating connection

425 ‘ v
Processing the measurements from the current sense resistor

through a logic flow wherein use of the cartridge is allowed or
disallowed based upon the status of the fusible link

430 l

Initiating a command to either authorize or prevent current
flow from the power source to the heating element within the

heating connection based upon the determined status of the
fusible link :

FIG. 3

JUUL Labs, Inc., Exhibit No. 2020
Case No. IPR2026-00161
Page 4 of 17



Patent Application Publication Sep. 11,2014 Sheet 4 of 4 US 2014/0253144 A1

500

510 Initiate low

™~ power pulse

across circuit

520 Temporarily 340
Result N disable v
control body
Authorize
530
™~ normal use »{ B

of cartridge

Reset 550
A e« detection v
routine

FIG. 4

JUUL Labs, Inc., Exhibit No. 2020
Case No. IPR2026-00161
Page 5 of 17



US 2014/0253144 Al

SPENT CARTRIDGE DETECTION METHOD
AND SYSTEM FOR AN ELECTRONIC
SMOKING ARTICLE

FIELD OF THE INVENTION

[0001] The present invention relates to detecting a status of
a cartridge in aerosol delivery articles used for yielding
tobacco components or other materials in an inhalable form.
Specifically, a detection system is capable of indicating
whether a cartridge is used or unused.

BACKGROUND OF THE INVENTION

[0002] Many smoking devices have been proposed through
the years as improvements upon, or alternatives to, smoking
products that require combusting tobacco for use. Many of
those devices purportedly have been designed to provide the
sensations associated with cigarette, cigar, or pipe smoking,
but without delivering considerable quantities of incomplete
combustion and pyrolysis products that result from the burn-
ing of tobacco. To this end, there have been proposed numer-
ous smoking products, flavor generators, and medicinal
inhalers that utilize electrical energy to vaporize or heat a
volatile material, or attempt to provide the sensations of ciga-
rette, cigar, or pipe smoking without burning tobacco to a
significant degree. See, for example, the various alternative
smoking articles, aerosol delivery devices and heat generat-
ing sources set forth in the background art described in U.S.
Pat. No. 7,726,320 to Robinson et al., U.S. patent application
Ser. No. 13/432,406, filed Mar. 28, 2012, U.S. patent appli-
cation Ser. No. 13/536,438, filed Jun. 28, 2012, U.S. patent
application Ser. No. 13/602,871, filed Sep. 4, 2012, and U.S.
patent application Ser. No. 13/647,000, filed Oct. 8, 2012,
which are incorporated herein by reference.

[0003] Certain tobacco products that have employed elec-
trical energy to produce heat for smoke or aerosol formation,
and in particular, certain products that have been referred to as
electronic cigarette products, have been commercially avail-
able throughout the world. Representative products that
resemble many of the attributes of traditional types of ciga-
rettes, cigars or pipes have been marketed as ACCORD® by
Philip Morris Incorporated; ALPHA™, JOYE 510™ and
M4™ by InnoVapor LLC; CIRRUS™ and FLING™ by
White Cloud Cigarettes; COHITA™, COLIBRI™, ELITE
CLASSIC™, MAGNUM™, PHANTOM™ and SENSE™
by Epuffer® International Inc.; DUOPRO™, STORM™ and
VAPORKING® by Electronic Cigarettes, Inc.; EGAR™ by
Egar Australia; eGo-C™ and eGo-T™ by Joyetech; ELU-
SION™ by Elusion UK Ltd; EONSMOKE® by Eonsmoke
LLC; GREEN SMOKE® by Green Smoke Inc. USA;
GREENARETTE™ by Greenarette LLC; HALLIGAN™,
HENDU™, JET™, MAXXQ™, PINK™ and PITBULL™
by Smoke Stik®; HEATBAR™ by Philip Morris Interna-
tional, Inc.; HYDRO IMPERIAL™ and LXE™ from
Crown7; LOGIC™ and THE CUBAN™ by LOGIC Tech-
nology; LUCI® by Luciano Smokes Inc.; METRO® by
Nicotek, LLC; NJOY® and ONEJOY™ by Sottera, Inc.; NO.
7™ by SS Choice LLC; PREMIUM ELECTRONIC CIGA-
RETTE™ by PremiumEstore LL.C; RAPP E-MYSTICK™
by Ruyan America, Inc.; RED DRAGON™ by Red Dragon
Products, LL.C; RUYAN® by Ruyan Group (Holdings) Ltd.;
SMART SMOKER® by The Smart Smoking Electronic
Cigarette Company Ltd.; SMOKE ASSIST® by Coastline
Products LLC; SMOKING EVERYWHERE® by Smoking
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Everywhere, Inc.; V2CIGS™ by VMR Products LLC;
VAPOR NINE™ by VaporNine LLC; VAPOR4LIFE® by
Vapor 4 Life, Inc.; VEPPO™ by E-CigaretteDirect, LL.C and
VUSE® by R. J. Reynolds Vapor Company. Yet other elec-
trically powered aerosol delivery devices, and in particular
those devices that have been characterized as so-called elec-
tronic cigarettes, have been marketed under the tradenames
BLU™; COOLER VISIONS™; DIRECT E-CIG™; DRAG-
ONFLY™; EMIST™; EVERSMOKE™; GAMUCCI®;
HYBRID FLAME™; KNIGHT STICKS™; ROYAL
BLUES™; SMOKETIP® and SOUTH BEACH SMOKE™.

It would be desirable to provide a smoking article that
employs heat produced by electrical energy to provide the
sensations of cigarette, cigar, or pipe smoking, that does so
without combusting tobacco to any significant degree, that
does so without the need of a combustion heat source, and that
does so without necessarily delivering considerable quanti-
ties of incomplete combustion and pyrolysis products.

BRIEF SUMMARY OF THE DISCLOSURE

[0004] The above and other needs are met by the present
disclosure which, in one aspect, provides a smoking article
adapted to detect the status of a cartridge portion of the
smoking article. The smoking article includes a control body
portion having a control body engagement end, wherein the
control body portion houses a control component and a power
source therein. The article further comprises a cartridge body
portion that includes a cartridge body engagement end con-
figured to removably engage the control body engagement
end of the control body portion. In various embodiments,
cartridge body portion houses a consumable arrangement and
a heating connection operably engaged therewith comprising
at least one heating element and a fusible link.

[0005] In various embodiments of the smoking article of
the present disclosure, the power source is selected from the
group consisting of a battery, a capacitor, and combinations
thereof. In specific embodiments of the article, the heating
element is a resistance heating element. In specific embodi-
ments of the article, the fusible link is an electrical fusible
link. Alternatively, the fusible link can be a mechanical fus-
ible link—i.e., can include a mechanical mechanism adapted
for breaking the fusible link under certain pre-determined
conditions. In various embodiments of the smoking article,
the heating element and the fusible link are electrically
aligned in parallel arrangement. Furthermore, the fusible link
can be adapted to fail under electrical conditions (e.g., an
electrical current of defined voltage and duration) sufficient to
cause heating of the heating element.

[0006] In various embodiments of the smoking article, the
heating connection comprising a fusible link and a heating
element is in electrical connection with the power source and
the control component when the control body and the car-
tridge body are engaged with one another. The control com-
ponent can comprise a microcontroller. Furthermore, the con-
trol component can be configured to selectively actuate a first
electrical current flow of a first set of conditions from the
power source to the heating connection when the control body
and the cartridge body are engaged, wherein the conditions of
the first electrical current flow are insufficient to initiate heat-
ing by the heating element. The first set of conditions can
comprise a voltage that is substantially the same as a voltage
that defines a working voltage for the heating element and a
current flow duration of about 45 milliseconds or less (e.g.,
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about 5 milliseconds to about 25 milliseconds). The working
voltage can be about 2 volts to about 6 volts.

[0007] The control component can further be configured to
selectively actuate a second electrical current flow ofa second
set of conditions from the power source to the heating con-
nection, the conditions of said second electrical current flow
being sufficient to initiate heating by the heating element. In
various embodiments of the smoking article, the conditions of
the second electrical current flow can be sufficient to cause the
fusible link to fail. In some embodiments of the smoking
article of the present disclosure, the conditions of the second
electrical current flow can comprise a voltage that is greater
than the nominal voltage of the first electrical current flow. In
some embodiments, the conditions of the second electrical
current flow can be approximately identical to the conditions
of the first electrical current flow; however, the second elec-
trical current flow can flow for a time duration that is suffi-
cient to exceed a current flow time at which the fusible link is
adapted to fail.

[0008] Various embodiments of the smoking article further
comprise a current sense resistor, wherein the current sense
resistor is adapted to establish an indication of the fusible link
status. The control component can be further configured to
initiate a command function based upon a cartridge status
interpreted from the fusible link status indicated by the cur-
rent sense resistor. Specifically, the current sense resistor can
be adapted to sense a first resistance across the fusible link
and a second resistance across the heating element. Sensing
of'the first resistance can be indicative of an unused cartridge.
Sensing of the second resistance in the absence of the first
resistance can be indicative of a used cartridge.

[0009] Various embodiments of the cartridge body further
comprise a consumable arrangement in communication with
the heating element. The consumable arrangement can com-
prise an aerosol precursor composition. In specific embodi-
ments, the aerosol precursor composition is selected from the
group consisting of a polyhydric alcohol, a medicament, a
tobacco component, a tobacco-derived material, a flavorant,
and combinations thereof. In specific embodiments, the poly-
hydric alcohol is selected from the group consisting of glyc-
erin, propylene glycol, and combinations thereof. In various
embodiments, the consumable arrangement comprises a sub-
strate and an aerosol precursor composition, wherein the
aerosol precursor composition is one of coated on, adsorbed
by, and absorbed in at least a portion of the substrate.

[0010] The present disclosure also describes methods of
detecting a status of a cartridge portion of a smoking article.
Various embodiments of a cartridge status detection method
comprise providing a control body comprising a control com-
ponent and a power source, providing a cartridge body com-
prising a heating connection comprising a heating element
and a fusible link, and removably engaging the cartridge body
with the control body such that the heating connection is in
electrical connection with the power source and the control
component. The method further comprises establishment of a
first electrical current flow from the power source to the
heating connection and the control component, wherein the
control component is configured to interpret the cartridge
status based upon the first electrical current flowing through
the heating connection. Similar aspects of the smoking article
discussed above are provided in the cartridge status detection
methods, as discussed in more detail below.
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BRIEF DESCRIPTION OF THE FIGURES

[0011] Having thus described the invention in the foregoing
general terms, reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale, and
wherein:

[0012] FIG. 1 is a perspective view of an example embodi-
ment of a smoking article according to the disclosure,
wherein a portion of an outer shell of the article is cut away to
reveal the interior components thereof;

[0013] FIG. 2 is a block diagram of an example embodi-
ment of a cartridge detection system according to the disclo-
sure;

[0014] FIG. 3 is a flow diagram of an example embodiment
of'a method of detecting a status of a cartridge in a smoking
article; and

[0015] FIG. 4 is a logic flow chart that is exemplary of a
decision pathway utilized by the control component to iden-
tify cartridge status in a smoking article.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention will now be described more
fully hereinafter with reference to exemplary embodiments
thereof. These exemplary embodiments are described so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Indeed, the invention may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisfy applicable legal
requirements. As used in the specification, and in the
appended claims, the singular forms “a”, “an”, “the”, include
plural referents unless the context clearly dictates otherwise.
[0017] The present disclosure relates to articles (and the
manufacture thereof) that use electrical energy to heat a mate-
rial (preferably without combusting the material to any sig-
nificant degree) to form an inhalable substance, the articles
being sufficiently compact to be considered “hand-held”
devices. In certain embodiments, the articles can particularly
be characterized as smoking articles. As used herein, the term
“smoking article” is intended to mean an article that provides
many of the sensations (e.g., inhalation and exhalation rituals,
types of tastes or flavors, organoleptic effects, physical feel,
use rituals, visual cues such as those provided by visible
aerosol, and the like) of smoking a cigarette, cigar, or pipe
without any substantial degree of combustion of any compo-
nent of the article. As used herein, the term “smoking article”
does not necessarily mean that, in operation, the article pro-
duces smoke in the sense of the aerosol resulting from by-
product of combustion or pyrolysis of tobacco, but rather, that
the article yields vapors (including vapors within aerosols
that can be considered to be visible acrosols that might be
considered to be described as smoke-like) resulting from
volitization or vaporization of certain components of the
article or device.” In highly preferred embodiments, articles
characterized as smoking articles incorporate tobacco and/or
components derived from tobacco.

[0018] In further embodiments, the articles that can be
manufactured according to the present disclosure can be char-
acterized as being vapor-producing articles, aerosolization
articles, or medicament delivery articles. Thus, the articles
can be arranged so as to provide one or more substances (e.g.,
flavors and/or pharmaceutical active ingredients) in an inhal-
able form or state. For example, inhalable substances can be
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substantially in the form of a vapor (i.e., a substance that is in
the gas phase at a temperature lower than its critical point).
Alternatively, inhalable substances can be in the form of an
aerosol (i.e., a suspension of fine solid particles or liquid
droplets in a gas). For purposes of simplicity, the term “aero-
sol” as used herein is meant to include vapors, gases and
aerosols of a form or type suitable for human inhalation,
whether or not visible, and whether or not of a form that might
be considered to be smoke-like.

[0019] In use, smoking articles that can be manufactured
according to the present disclosure may be subjected to many
of the physical actions of an individual in using a traditional
type of smoking article (e.g., a cigarette, cigar or pipe that is
employed by lighting with a flame and used by inhaling
tobacco that is subsequently burned). For example, the user of
a smoking article of the present invention can hold that article
much like a traditional type of smoking article, draw on one
end of that article for inhalation of aerosol produced by that
article, take puffs at selected intervals of time.

[0020] A smoking article that can be manufactured accord-
ing to one aspect of the present disclosure can include a
number of components provided within an outer shell or
body. The overall design of the outer shell or body can vary,
and the format or configuration of the outer body that can
define the overall size and shape of the smoking article can
vary. Typically, an elongated body resembling shape of a
cigarette or cigar can be a formed from a single, unitary shell;
or the elongated body can be formed of two or more separable
pieces. For example, a smoking article can comprise an elon-
gated shell or body that can be substantially tubular in shape,
and as such, resemble the shape of a conventional cigarette or
cigar. In one embodiment, all of the components of the smok-
ing article are contained within one outer body or shell. Alter-
natively, a smoking article can comprise two shells that are
joined and are separable. For example, a smoking article can
possess at one end a control body comprising a shell contain-
ing one or more reusable components (e.g., a rechargeable
battery and various electronics for controlling the operation
of that article), and at the other end and removably attached
thereto a shell containing a disposable portion (e.g., a dispos-
able flavor-containing cartridge). Additionally, various smok-
ing article designs and component arrangements can be
appreciated upon consideration of the commercially avail-
able electronic smoking articles, such as those representative
products listed in the background art section of the present
disclosure.

[0021] A smoking article that can be manufactured accord-
ing to one aspect of the present disclosure can include some
combination of power source (i.e., an electrical power
source), at least one control component (e.g., means for actu-
ating, controlling, regulating and ceasing power for heat gen-
eration, such as by controlling electrical current flow the
power source to other components of the article), a heater or
heat generation component (e.g., an electrical resistance heat-
ing element or component commonly referred to as an “atom-
izer”), and an aerosol precursor component (e.g., commonly
a liquid capable of yielding an aerosol upon application of
sufficient heat, such as ingredients commonly referred to as
“smoke juice,” “e-liquid” and “e-juice”), and a mouthend
region or tip for allowing draw upon the smoking article for
aerosol inhalation (e.g., a defined air flow path through the
article such that aerosol generated can be withdrawn there-
from upon draw). Alignment of the components within the
article can vary. In specific embodiments, the aerosol precur-
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sor component can be located near an end of the article (e.g.,
with a cartridge, which in certain circumstances can be
replaceable and disposable) that is proximal to the mouth of a
user so as to maximize aerosol delivery to the user. Other
configurations, however, are not excluded. Generally, the
heater component can be positioned sufficiently near that
aerosol precursor component so that heat from the heater
component can volatilize the acrosol precursor (as well as one
ormore flavorants, medicaments, or the like that may likewise
be provided for delivery to a user) and form an aerosol for
delivery to the user. When the heating member heats the
aerosol precursor component, an aerosol is formed, released,
or generated in a physical form suitable for inhalation by a
consumer. It should be noted that the foregoing terms are
meant to be interchangeable such that reference to release,
releasing, releases, or released includes form or generate,
forming or generating, forms or generates, and formed or
generated. Specifically, an inhalable substance is released in
the form of a vapor or aerosol or mixture thereof. Addition-
ally, the selection of various smoking article components can
be appreciated upon consideration of the commercially avail-
able electronic smoking articles, such as those representative
products listed in the background art section of the present
disclosure.

[0022] A smoking article that can be manufactured accord-
ing to one aspect of the present disclosure can include may
incorporate a battery or other electrical power source to pro-
vide current flow sufficient to provide various functionalities
to the article, such as resistive heating, powering of control
systems, powering of indicators, and the like. The power
source can take on various embodiments. Preferably, the
power source is able to deliver sufficient power to rapidly heat
the heating member to provide for aerosol formation and
power the article through use for the desired duration of time.
The power source preferably is sized to fit conveniently
within the article so that the article can be easily handled; and
additionally, preferred a preferred power source is of a suffi-
ciently light weight to not detract from a desirable smoking
experience.

[0023] An exemplary smoking article 10 according to the
disclosure is shown in FIG. 1. As seen in the surface illus-
trated therein, the smoking article 10 can comprise a control
body 80 and a cartridge 90 that can be aligned in a functioning
relationship. In this regard, the control body 80 and the car-
tridge 90 may be attachable and detachable from each other.
Although a threaded engagement is illustrated in FIG. 1, it is
understood that further means of engagement are encom-
passed, such as a press-fit engagement, a magnetic engage-
ment, or the like. The cartridge can particularly include a
single use connector as otherwise described herein.

[0024] In specific embodiments, the control body 80 may
be referred to as being reusable and the cartridge 90 may be
referred to as being disposable. In some embodiments, the
entire smoking article may be characterized as being dispos-
able in that the control body may be configured for only a
limited number of uses (e.g., until a battery power component
no longer provides sufficient power to the smoking article)
with a limited number of cartridges and, thereafter, the entire
smoking article 10, including the control body, may be dis-
carded. In other embodiments, the control body may have a
replaceable battery such that the control body can be reused
through a number of battery exchanges and with many car-
tridges. Similarly, the smoking article 10 may be rechargeable
and thus may be combined with any type of recharging tech-
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nology, including connection to a typical electrical outlet,
connection to a car charger (i.e., cigarette lighter receptacle),
and connection to a computer, such as through a USB cable.
[0025] The control body 80 includes a control component
20, a flow sensor 30, and a battery 40. Although these com-
ponents are illustrated in a specific alignment, it is understood
that various alignments of the components are encompassed
by the present disclosure. The control body 80 further
includes a plurality of indicators 19 at a distal end 12 of the
control body shell 81. Such indicators 19 can show the num-
ber of puffs taken or remaining from the smoking article can
be indicative of an active or inactive status, can light up in
response to a puff, or the like. The indicators can be provided
in varying numbers and can take on different shapes and can
even be simply an opening in the body (such as for release of
sound when such indicators are present).

[0026] Various positions for one or more air intakes 17 are
encompassed by the present disclosure. As shown, the air
intake 17 may be positioned in the control body shell 81 such
that air drawn through the intake sufficiently contacts the flow
sensor 30 to activate the sensor (although other positions are
encompassed, particularly if different sensing means are pro-
vided or if manual actuation, such as with a push button, is
provided). A receptacle 60 also is included at the proximal
attachment end 13 of the control body 80 and extends into the
control body projection 82 to allow for ease of electrical
connection with the resistive heating element 50 when the
cartridge 90 is attached to the control body. In the illustrated
embodiment, the receptacle 60 includes a central open pas-
sage to facilitate air flow from the air intake in the control
body into the cartridge during use of the article 10.

[0027] The cartridge 90 includes a cartridge shell 91 with a
mouth opening 18 at the mouthend 11 thereof to allow pas-
sage of air and entrained vapor (i.e., the components of the
aerosol precursor composition in an inhalable form) from the
cartridge to a consumer during draw on the smoking article
10. The smoking article 10 according to the present disclosure
may have an overall shape that may be defined as being
substantially rod-like or substantially tubular shaped or sub-
stantially cylindrically shaped. As illustrated in FIG. 1, the
smoking article 10 has a substantially round cross-section;
however, other cross-sectional shapes (e.g., oval, square, tri-
angle, etc.) also are encompassed by the present disclosure.
Such language that is descriptive of the physical shape of the
smoking article may also be applied to the individual units of
the smoking article in embodiments comprising multiple
units, such as a control body and a cartridge.

[0028] In preferred embodiments, the smoking article 10
may take on a size that is comparative to a cigarette or cigar
shape. Thus, the smoking article may have a diameter of about
5 mm to about 25 mm, about 5 mm to about 20 mm, about 6
mm to about 15 mm, or about 6 mm to about 10 mm. Such
dimension may particularly correspond to the outer diameter
of'the control body shell 81 and/or the cartridge shell 91. The
control body can have a length of about 50 mm to about 110
mm, about 60 mm to about 100 mm, or about 65 mm to about
95 mm. The cartridge can have a length of about 20 mm to
about 60 mm, about 25 mm to about 55 mm, or about 30 mm
to about 50 mm. The overall length of the combined cartridge
and control body (or the overall length of a smoking article
according to the disclosure formed of a single, unitary shell)
can be approximately equal to or less than the length of a
typical cigarette—e.g., about 70 mm to about 130 mm, about
80 mm to about 125 mm, or about 90 mm to about 120 mm.
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[0029] The cartridge shell 91 of the smoking article 10 can
be formed of any material suitable for forming and maintain-
ing an appropriate conformation, such as a tubular shape, and
for retaining therein the suitable components of the smoking
article. The body can be fainted of a single wall, as shown in
FIG. 1. The cartridge shell 91 can be farmed of a material
(natural or synthetic) that is heat resistant so as to retain its
structural integrity—e.g., does not degrade—at least at a tem-
perature that is the heating temperature provided by the resis-
tive heating element. In some embodiments, a heat resistant
polymer may be used. In other embodiments, the body can be
formed from paper, such as a paper that is substantially straw-
shaped, or from metal, such as stainless steel. As further
discussed herein, the body, such as a paper tube, may have one
or more layers associated therewith that function to substan-
tially prevent movement of vapor therethrough. In one
example, an aluminum foil layer may be laminated to one
surface of the body. Ceramic materials also may be used.

[0030] The cartridge 90 further includes a resistive heating
element 50 in the form of a metal wire coil. The resistive
heating element includes terminals 51 (e.g., positive and
negative terminals) at the opposing ends thereof for facilitat-
ing current flow through the resistive heating element and for
attachment of the appropriate wiring (not illustrated) to form
an electrical connection of the resistive heating element with
the battery 40 when the cartridge 90 is connected to the
control body 80. Specifically, a plug 65 is positioned at the
distal attachment end 14 of the cartridge. When the cartridge
90 is connected to the control body 80, the plug 65 engages
the receptacle 60 to form an electrical connection such that
current controllably flows from the battery 40, through the
receptacle and plug, and to the resistive heating element 50.
The cartridge shell 91 can continue across the distal attach-
ment end such that this end of the cartridge is substantially
closed with the plug protruding therefrom. As illustrated in
FIG. 1, the plug 65 includes an open central passage that
aligns with the open central passage in the receptacle 60 to
allow air to flow from the control body 80 and into the car-
tridge 90.

[0031] Generally, in use, when a consumer draws on the
mouthend 11 of the cartridge, the flow sensor 30 detects the
change in flow and activates the control component 20 to
facilitate current flow through the resistive heating element
50. Thus, it is useful for air flow to travel through the control
body 80 in a manner that flow sensor 30 detects air flow
almost instantaneously.

[0032] The control algorithm may call for power to the
resistive heating element 50 to cycle and thus maintain a
defined temperature. The control algorithm therefore can be
programmed to automatically deactivate the smoking article
10 and discontinue power flow through the smoking article
after a defined time lapse without a puff by a consumer.
Moreover, the smoking article can include a temperature sen-
sor to provide feedback to the control component. Such sen-
sor can be, for example, in direct contact with the resistive
heating element 50. Alternative temperature sensing means
likewise may be used, such as relying upon logic control
components to evaluate resistance through the resistive heat-
ing element and correlate such resistance to the temperature
of'the element. In other embodiments, the flow sensor 30 may
be replaced by appropriate components to provide alternative
sensing means, such as capacitive sensing. Still further, one or
more control buttons can be included to allow for manual
actuation by a consumer to elicit a variety of functions, such
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as powering the article 10 on and off, turning on the heating
element 50 to generate a vapor or aerosol for inhalation, or the
like.

[0033] When the flow sensor 30 is positioned within the
control body 80, it can be useful to have an air intake 17 on the
control body. If desired, a sealed flow path can be provided
such that the flow sensor 30 within the control body 80 is in
fluid connection with the cartridge interior after the cartridge
and the control body are engaged, such fluid connection being
sealed with respect to the remainder of the components within
the control body but opening into the cartridge 90 when
attached to the control body. Further, in other embodiments,
the flow sensor 30 can be located within the cartridge 90
instead of the control body 80.

[0034] A reservoir may utilize a transport element to trans-
port an aerosol precursor composition to an aerosolization
zone. As used herein, the term “reservoir” refers to a recep-
tacle or chamber for holding, storing, or retaining a product
such as a liquid, fluid, or aerosol. One such example is shown
in FIG. 1. As seen therein, the cartridge 90 includes a reservoir
layer 201 comprising layers of nonwoven fibers formed into
the shape of a tube encircling the interior of the cartridge shell
91, in this embodiment. An aerosol precursor composition is
retained in the reservoir layer 201. Liquid components, for
example, can be sorptively retained by the reservoir layer 201.
The reservoir layer 201 is in fluid connection with a transport
element 301 (a wick in this embodiment). The transport ele-
ment 301 transports the aerosol precursor composition stored
in the reservoir layer 201 via capillary action to an aerosoliza-
tion zone 400 of the cartridge 90. As illustrated, the transport
element 301 is in direct contact with the resistive heating
element 50 that is in the form of a metal wire coil in this
embodiment.

[0035] In use, when a user draws on the article 10, the
resistive heating element 50 is activated (e.g., such as via a
puff sensor), and the components for the aerosol precursor
composition are vaporized in the aerosolization zone 400.
Drawing upon the mouthend 11 of'the article 10 causes ambi-
ent air to enter the air intake 17 and pass through the central
opening in the receptacle 60 and the central opening in the
plug 65. In the cartridge 90, the drawn air passes through an
air passage 230 in an air passage tube 220 and combines with
the formed vapor in the aerosolization zone 400 to form an
aerosol. The aerosol is whisked away from the aerosolization
zone, passes through an air passage 260 in an air passage tube
250, and out the mouth opening 18 in the mouthend 11 of the
article 10. If desired, the air passage tube 250 can be absent,
and an open cavity may reside in the location for formation of
aerosol as the aerosol precursor composition is vaporized by
the resistive heating element 50.

[0036] The smoking article 10 in the embodiment illus-
trated in FIG. 1 can be characterized as a disposable article.
Accordingly, it can be desirable for the reservoir 201 in such
embodiments to include a sufficient amount of aerosol pre-
cursor composition and any further inhalable materials so that
a consumer can obtain more than a single use of the smoking
article. For example, the smoking article can include suffi-
cient aerosolizable and/or inhalable materials such that the
smoking article can provide a number of puffs substantially
equivalent to the number of puffs (of about two seconds
duration) available from a plurality of conventional ciga-
rettes—e.g., 2 or more, 5 or more, 10 or more, or 20 or more
conventional cigarettes. More particularly, a disposable,
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single unit article according to the embodiment of FIG. 1 can
provide about 20 or more, about 50 or more, or about 100 or
more puffs.

[0037] Although FIG. 1 is illustrative of a smoking article
according to the present disclosure, the scope of the disclo-
sure should not be viewed as being limited to the specific
combination and/or arrangement of components illustrated
therein. Rather, the present disclosure can encompass a vari-
ety of combinations of components useful in forming an
electronic smoking article. Reference is made for example to
the smoking articles disclosed in U.S. patent application Ser.
No. 13/536,438, filed Jun. 28, 2012, and U.S. patent applica-
tion Ser. No. 13/432,406, filed Mar. 28, 2012, the disclosures
of'which are incorporated herein by reference in their entirety.
Further to the above, representative heating element and
materials for use therein are described in U.S. Pat. No. 5,060,
671 to Counts et al.; U.S. Pat. No. 5,093,894 to Deevi et al.;
U.S. Pat. No. 5,224,498 to Deevi et al.; U.S. Pat. No. 5,228,
460 to Sprinkel Jr., et al.; U.S. Pat. No. 5,322,075 to Deevi et
al.; U.S. Pat. No. 5,353,813 to Deevi et al.; U.S. Pat. No.
5,468,936 to Deevietal.; U.S. Pat. No. 5,498,850 to Das; U.S.
Pat. No. 5,659,656 to Das; U.S. Pat. No. 5,498,855 to Deevi et
al.; U.S. Pat. No. 5,530,225 to Hajaligol; U.S. Pat. No. 5,665,
262 to Hajaligol; U.S. Pat. No. 5,573,692 to Das et al.; and
U.S. Pat. No. 5,591,368 to Fleischhauer et al., the disclosures
of' which are incorporated herein by reference in their entire-
ties.

[0038] The various components of a smoking article
according to the present invention can be chosen from com-
ponents described in the art and commercially available.
Examples of batteries that can be used according to the dis-
closure are described in US Pub. App. No. 2010/0028766, the
disclosure of which is incorporated herein by reference in its
entirety.

[0039] An exemplary mechanism that can provide puft-
actuation capability includes a Model 163PC01D36 silicon
sensor, manufactured by the MicroSwitch division of Hon-
eywell, Inc., Freeport, I1l. Further examples of demand-oper-
ated electrical switches that may be employed in a heating
circuit according to the present disclosure are described in
U.S. Pat. No. 4,735,217 to Gerth et al., which is incorporated
herein by reference in its entirety. Further description of cur-
rent regulating circuits and other control components, includ-
ing microcontrollers, that can be useful in the present smok-
ing article are provided in U.S. Pat. Nos. 4,922,901, 4,947,
874, and 4,947,875, all to Brooks et al., U.S. Pat. No. 5,372,
148 to McCafferty et al., U.S. Pat. No. 6,040,560 to
Fleischhauer et al., and U.S. Pat. No. 7,040,314 to Nguyen et
al., all of which are incorporated herein by reference in their
entireties.

[0040] The aerosol precursor, which may also be referred to
as a vapor precursor composition, can comprise one or more
different components. For example, the aerosol precursor can
include a polyhydric alcohol (e.g., glycerin, propylene glycol,
or a mixture thereof). Representative types of further acrosol
precursor compositions are set forth in U.S. Pat. No. 4,793,
365 to Sensabaugh, Jr. etal.; U.S. Pat. No. 5,101,839 to Jakob
et al.; PCT WO 98/57556 to Biggs et al.; and Chemical and
Biological Studies on New Cigarette Prototypes that Heat
Instead of Burn Tobacco, R. J. Reynolds Tobacco Company
Monograph (1988); the disclosures of which are incorporated
herein by reference.

[0041] Aerosol precursor compositions can include further
liquid materials, such as water. For example, aerosol precur-
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sor compositions can incorporate mixtures of glycerin and
water, or mixtures of propylene glycol and water, or mixtures
of propylene glycol and glycerin, or mixtures of propylene
glycol, glycerin, and water. Exemplary aerosol precursor
compositions also include those types of materials incorpo-
rated within devices available through Atlanta Imports Inc.,
Acworth, Ga., USA., as an electronic cigar having the brand
name E-CIG, which can be employed using associated Smok-
ing Cartridges Type Cla, C2a, C3a, C4a, Clb, C2b, C3b and
C4b; and as Ruyan Atomizing Electronic Pipe and Ruyan
Atomizing FElectronic Cigarette from Ruyan SBT Technol-
ogy and Development Co., Ltd., Beijing, China.

[0042] The aerosol precursor composition used in the dis-
closed smoking article further can comprise one or more
flavors, medicaments, or other inhalable materials. For
example, liquid nicotine can be used. Such further materials
can comprise one or more components of the aerosol precur-
sor or vapor precursor composition. Thus, the aerosol precur-
SOr or vapor precursor composition can be described as com-
prising an inhalable substance. Such inhalable substance can
include flavors, medicaments, and other materials as dis-
cussed herein. Particularly, an inhalable substance delivered
using a smoking article according to the present invention can
comprise a tobacco component or a tobacco-derived material.
Alternately, the flavor, medicament, or other inhalable mate-
rial can be provided separate from other aerosol precursor
components—e.g., in a reservoir. As such, defined aliquots of
the flavor, medicament, or other inhalable material may be
separately or simultaneously delivered to the resistive heating
element to release the flavor, medicament, or other inhalable
material into an air stream to be inhaled by a user along with
the further components of the aerosol precursor or vapor
precursor composition.

[0043] A wide variety of types of flavoring agents, or mate-
rials that alter the sensory or organoleptic character or nature
of the mainstream aerosol of the smoking article can be
employed. Such flavoring agents can be provided from
sources other than tobacco, can be natural or artificial in
nature, and can be employed as concentrates or flavor pack-
ages. Of particular interest are flavoring agents that are
applied to, or incorporated within, those regions of the smok-
ing article where aerosol is generated. Again, such agents can
be supplied directly to the resistive heating element or may be
provided on a substrate as already noted above. Exemplary
flavoring agents include vanillin, ethyl vanillin, cream, tea,
coftee, fruit (e.g., apple, cherry, strawberry, peach and citrus
flavors, including lime and lemon), maple, menthol, mint,
peppermint, spearmint, wintergreen, nutmeg, clove, lavender,
cardamom, ginger, honey, anise, sage, cinnamon, sandal-
wood, jasmine, cascarilla, cocoa, licorice, and flavorings and
flavor packages of the type and character traditionally used
for the flavoring of cigarette, cigar, and pipe tobaccos. Syrups,
such as high fructose corn syrup, also can be employed.
Flavoring agents also can include acidic or basic characteris-
tics (e.g., organic acids, such as levulinic acid, succinic acid,
lactic acid, and pyruvic acid). The flavoring agents can be
combined with the aerosol-generating material if desired.
Exemplary plant-derived compositions that may be used are
disclosed in U.S. application Ser. No. 12/971,746 to Dube et
al. and U.S. application Ser. No. 13/015,744 to Dube et al., the
disclosures of which are incorporated herein by reference in
their entireties.

[0044] Organic acids particularly may be incorporated into
the aerosol precursor to provide desirable alterations to the
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flavor, sensation, or organoleptic properties of medicaments,
such as nicotine, that may be combined with the aerosol
precursor. For example, organic acids, such as levulinic acid,
succinic acid, lactic acid, and pyruvic acid, may be included
in the aerosol precursor with nicotine in amounts up to being
equimolar (based on total organic acid content) with the nico-
tine. Any combination of organic acids can be used. For
example, the aerosol precursor can include about 0.1 to about
0.5 moles of levulinic acid per one mole of nicotine, about 0.1
to about 0.5 moles of pyruvic acid per one mole of nicotine,
about 0.1 to about 0.5 moles of lactic acid per one mole of
nicotine, or combinations thereof, up to a concentration
wherein the total amount of organic acid present is equimolar
to the total amount of nicotine present in the aerosol precur-
sor.

[0045] In embodiments of the aerosol precursor material
that contain a tobacco extract, including pharmaceutical
grade nicotine derived from tobacco, it is advantageous for
the tobacco extract to be characterized as substantially free of
compounds collectively known as Hoffmann analytes,
including, for example, tobacco-specific nitrosamines (TS-
NAs), including N'-nitrosonomicotine (NNN), (4-methylnit-
rosamino)-1-(3-pyridyl)-1-butanone (NNK), N'-nitrosoanat-
abine (NAT), and N'-nitrosoanabasine (NAB); polyaromatic
hydrocarbons (PAHs), including benz[a]anthracene, benzo
[a]pyrene, benzo[b]fluoranthene, benzo[k|fluoranthene,
chrysene, dibenz[ah]anthracene, and indeno[1,2,3-cd]
pyrene, and the like. In certain embodiments, the aerosol
precursor material can be characterized as completely free of
any Hoffmann analytes, including TSNAs and PAHs.
Embodiments of the aerosol precursor material may have
TSNA levels (or other Hoffmann analyte levels) in the range
of less than about 5 ppm, less than about 3 ppm, less than
about 1 ppm, or less than about 0.1 ppm, or even below any
detectable limit. Certain extraction processes or treatment
processes can be used to achieve reductions in Hoffmann
analyte concentration. For example, a tobacco extract can be
brought into contact with an imprinted polymer or non-im-
printed polymer such as described, for example, in US Pat.
Pub. Nos. 2007/0186940 to Bhattacharyya et al; 2011/
0041859 to Rees et al.; 2011/0159160 to Jonsson et al; and
2012/0291793 to Byrd et al., all of which are incorporated
herein by reference. Further, the tobacco extract could be
treated with ion exchange materials having amine function-
ality, which can remove certain aldehydes and other com-
pounds. See, for example, U.S. Pat. No. 4,033,361 to
Horsewell et al. and U.S. Pat. No. 6,779,529 to Figlar et al.,
which are incorporated herein by reference in their entireties.

[0046] In certain embodiments, the acrosol precursor can
be adapted to increase in surface area during heating for
aerosol formation in an electronic smoking article. In particu-
lar, the aerosol precursor can comprise an effervescent mate-
rial. The effervescent material can be adapted to degrade
during heating and release carbon dioxide (or other gaseous
substance) sufficient to cause foaming of at least a portion of
the aerosol precursor or to produce fine droplets. Inclusion of
such effervescent can be beneficial to reduce the amount of
heat needed to form an aerosol from the aerosol precursor.

[0047] The aerosol precursor composition may take on a
variety of conformations based upon the various amounts of
materials utilized therein. For example, a useful aerosol pre-
cursor composition may comprise up to about 98% by weight
up to about 95% by weight, or up to about 90% by weight of
a polyol. This total amount can be split in any combination
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between two or more different polyols. For example, one
polyol can comprise about 50% to about 90%, about 60% to
about 90%, or about 75% to about 90% by weight of the
aerosol precursor, and a second polyol can comprise about
2% to about 45%, about 2% to about 25%, or about 2% to
about 10% by weight of the aerosol precursor. A useful aero-
sol precursor also can comprise up to about 25% by weight,
about 20% by weight or about 15% by weight water—par-
ticularly about 2% to about 25%, about 5% to about 20%, or
about 7% to about 15% by weight water. Flavors and the like
(which can include medicaments, such as nicotine) can com-
prise up to about 10%, up to about 8%, or up to about 5% by
weight of the aerosol precursor.

[0048] As a non-limiting example, an aerosol precursor
according to the invention can comprise glycerol, propylene
glycol, water, nicotine, and one or more flavors. Specifically,
the glycerol can be present in an amount of about 70% to
about 90% by weight, about 70% to about 85% by weight, or
about 75% to about 85% by weight, the propylene glycol can
be present in an amount of about 1% to about 10% by weight,
about 1% to about 8% by weight, or about 2% to about 6% by
weight, the water can be present in an amount of about 10% to
about 20% by weight, about 10% to about 18% by weight, or
about 12% to about 16% by weight, the nicotine can be
present in an amount of about 0.1% to about 5% by weight,
about 0.5% to about 4% by weight, or about 1% to about 3%
by weight, and the flavors can be present in an amount of up
to about 5% by weight, up to about 3% by weight, or up to
about 1% by weight, all amounts being based on the total
weight of the aerosol precursor. One specific, non-limiting
example of an aerosol precursor comprises about 75% to
about 80% by weight glycerol, about 13% to about 15% by
weight water, about 4% to about 6% by weight propylene
glycol, about 2% to about 3% by weight nicotine, and about
0.1% to about 0.5% by weight flavors. The nicotine, for
example, can be a from a tobacco extract.

[0049] The amount of aerosol precursor composition thatis
used within the smoking article is such that the article exhibits
acceptable sensory and organoleptic properties, and desirable
performance characteristics. For example, it is highly pre-
ferred that sufficient aerosol precursor composition compo-
nents, such as glycerin and/or propylene glycol, be employed
in order to provide for the generation of a visible mainstream
aerosol that in many regards resembles the appearance of
tobacco smoke. Typically, the amount of aerosol-generating
material incorporated into the smoking article is in the range
of'about 1.5 g or less, about 1 g or less, or about 0.5 gor less.
The amount of aerosol precursor composition can be depen-
dent upon factors such as the number of puffs desired per
cartridge used with the smoking article. It is desirable for the
aerosol precursor composition not to introduce significant
degrees of unacceptable off-taste, filmy mouth-feel, or an
overall sensory experience that is significantly different from
that of a traditional type of cigarette that generates main-
stream smoke by burning tobacco cut filler. The selection of
the particular acrosol-generating material and reservoir mate-
rial, the amounts of those components used, and the types of
tobacco material used, can be altered in order to control the
overall chemical composition of the mainstream aerosol pro-
duced by the smoking article.

[0050] Still further components can be utilized in the smok-
ing article of the present disclosure. For example, U.S. Pat.
No. 5,261,424 to Sprinkel, Jr. discloses piezoelectric sensors
that can be associated with the mouth-end of'a device to detect
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user lip activity associated with taking a draw and then trigger
heating; U.S. Pat. No. 5,372,148 to McCafferty et al. dis-
closes a puff sensor for controlling energy flow into a heating
load array in response to pressure drop through a mouthpiece;
U.S. Pat. No. 5,967,148 to Harris et al. discloses receptacles
in a smoking device that include an identifier that detects a
non-uniformity in infrared transmissivity of an inserted com-
ponent and a controller that executes a detection routine as the
component is inserted into the receptacle; U.S. Pat. No. 6,040,
560 to Fleischhauer et al. describes a defined executable
power cycle with multiple differential phases; U.S. Pat. No.
5,934,289 to Watkins et al. discloses photonic-optronic com-
ponents; U.S. Pat. No. 5,954,979 to Counts et al. discloses
means for altering draw resistance through a smoking device;
U.S. Pat. No. 6,803,545 to Blake et al. discloses specific
battery configurations for use in smoking devices; U.S. Pat.
No. 7,293,565 to Griffen et al. discloses various charging
systems for use with smoking devices; US 2009/0320863 by
Fernando et al. discloses computer interfacing means for
smoking devices to facilitate charging and allow computer
control of the device; US 2010/0163063 by Fernando et al.
discloses identification systems for smoking devices; and
WO 2010/003480 by Flick discloses a fluid flow sensing
system indicative of a puftin an aerosol generating system; all
of the foregoing disclosures being incorporated herein by
reference in their entireties. Further examples of components
related to electronic aerosol delivery articles and disclosing
materials or components that may be used in the present
article include U.S. Pat. No. 4,735,217 to Gerth et al.; U.S.
Pat. No. 5,249,586 to Morgan et al.; U.S. Pat. No. 5,666,977
to Higgins etal.; U.S. Pat. No. 6,053,176 to Adams etal.; U.S.
Pat. No. 6,164,287 to White; U.S. Pat. No. 6,196,218 to
Voges; U.S. Pat. No. 6,810,883 to Felter et al.; U.S. Pat. No.
6,854,461 to Nichols; U.S. Pat. No. 7,832,410 to Hon; U.S.
Pat. No. 7,513,253 to Kobayashi; U.S. Pat. No. 7,896,006 to
Hamano; U.S. Pat. No. 6,772,756 to Shayan; US Pat. Pub.
Nos. 2009/0095311, 2006/0196518, 2009/0126745, and
2009/0188490 to Hon; US Pat. Pub. No. 2009/0272379 to
Thorens et al.; US Pat. Pub. Nos. 2009/0260641 and 2009/
0260642 to Monsees et al.; US Pat. Pub. Nos. 2008/0149118
and 2010/0024834 to Oglesby et al.; US Pat. Pub. No. 2010/
0307518 to Wang; and WO 2010/091593 to Hon. A variety of
the materials disclosed by the foregoing documents may be
incorporated into the present devices in various embodi-
ments, and all of the foregoing disclosures are incorporated
herein by reference in their entireties.

[0051] Although an article according to the disclosure may
take on a variety of embodiments, as discussed in detail
below, the use of the article by a consumer will be similar in
scope. In particular, the article can be provided as a single unit
or as a plurality of components that are combined by the
consumer for use and then are dismantled by the consumer
thereafter. Generally, a smoking article according to the dis-
closure can comprise a first unit that is engagable and disen-
gagable with a second unit, the first unit comprising the
resistive heating element, and the second unit comprising the
electrical power source. In some embodiments, the second
unit further can comprise one or more control components
that actuate or regulate current flow from the electrical power
source. The first unit can comprise a distal end that engages
the second unit and an opposing, proximate end that includes
a mouthpiece (or simply the mouthend) with an opening at a
proximate end thereof. The first unit can comprise an air flow
path opening into the mouthpiece of the first unit, and the air
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flow path can provide for passage of aerosol formed from the
resistive heating element into the mouthpiece. In preferred
embodiments, the first unit can be disposable. Likewise, the
second unit can be reusable.

[0052] During use, the consumer initiates heating of the
resistive heating element, the heat produced by the resistive
heating element aerosolizes the aerosol precursor composi-
tion and, optionally, further inhalable substances. Such heat-
ing releases at least a portion of the aerosol precursor com-
position in the faun of an aerosol (which can include any
further inhalable substances included therewith), and such
aerosol is provided within a space inside the cartridge that is
in fluid communication with the mouthend of the cartridge.
When the consumer inhales on the mouth end of the cartridge,
air is drawn through the cartridge, and the combination of the
drawn air and the aerosol is inhaled by the consumer as the
drawn materials exit the mouth end of the cartridge (and any
optional mouthpiece present) into the mouth ofthe consumer.
To initiate heating, the consumer may actuate a pushbutton,
capacitive sensor, or similar component that causes the resis-
tive heating element to receive electrical energy from the
battery or other energy source (such as a capacitor). The
electrical energy may be supplied for a pre-determined length
of time or may be manually controlled. Preferably, flow of
electrical energy does not substantially proceed in between
puffs on the article (although energy flow may proceed to
maintain a baseline temperature greater than ambient tem-
perature—e.g., a temperature that facilitates rapid heating to
the active heating temperature). In further embodiments,
heating may be initiated by the puffing action of the consumer
through use of various sensors, as otherwise described herein.
Once the puffis discontinued, heating will stop or be reduced.
When the consumer has taken a sufficient number of puffs so
as to have released a sufficient amount of the inhalable sub-
stance (e.g., an amount sufficient to equate to a typical smok-
ing experience), the cartridge can be removed from the con-
trol housing and discarded. Indication that the cartridge is
spent (i.e., the aerosol precursor composition has been sub-
stantially removed by the consumer) can be provided. In some
embodiments, a single cartridge can provide more than a
single smoking experience and thus may provide a sufficient
content of aerosol precursor composition to simulate as much
as a full pack of conventional cigarettes or even more.

[0053] Smoking articles useful according to the invention
can further comprise one or more components adapted to
detect a cartridge status. Various embodiments of the smok-
ing article can include a heating connection comprising a
heating element and a fusible link. The term “fusible link™ as
used herein refers to a component adapted to fail under
defined conditions and thus function as a sacrificial device in
a cartridge status detection system. The heating connection is
preferably in electrical connection with the power source of
the smoking article such that electrical energy can be pro-
vided to the heating connection. In various embodiments, the
heating connection is in electrical connection with a compo-
nent adapted to measure the current flow, voltage, and/or the
resistance across the heating connection. Specific embodi-
ments of the smoking article can include a control component
adapted to interpret the cartridge status based upon the mea-
sured current, voltage and/or resistance across the heating
connection.

[0054] In particular embodiments, the smoking article can
include components that define an electrical circuit whereby
a control component is configured to controllably deliver a
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low power pulse from the power source to the heating con-
nection according to one or more defined algorithms. As a
non-limiting example, the control algorithm can include
pulse width modulation, which can be based on comparison
of a battery voltage with a lookup table. As a further non-
limiting example, the control algorithm can include a con-
stant voltage feedback loop, such as through utilization of
heater voltage measurements. Specifically, in various
embodiments of the smoking article, appropriate wiring can
be included such that a cartridge engaging a control body
defines a closed electrical circuit through which the control
component can controllably deliver a low power pulse (as
well as a higher power pulse). The low power pulse can be
defined as an electrical current that does not exceed the limits
of a fusible link as described herein. By contrast, the higher
power electrical current that defines a working status of the
heating element (i.e., wherein the heating element heats to a
temperature sufficient to vaporize the acrosol precursor mate-
rial) can exceed the limits of the fusible link.

[0055] Insomeembodiments, alow power pulse can have a
voltage, a current, or both that is substantially similar to the
same property of the higher power pulse, and pulse power can
be defined by current flow duration. In particular, time can be
adjusted such that the average power delivered to the circuit is
constrained appropriately. In certain embodiments, the fus-
ible link can exhibit a resistance that is lower than the resis-
tance of the heating element. In some embodiments, the fus-
ible link and the heating element are provided in parallel, a
majority of the current entering the closed circuit can prefer-
entially flow through the fusible link. When the duration of
the electrical current flow is sufficiently long, the lower resis-
tance fusible link will fail and thus allow all of the delivered
current to pass through the heating element. Depending upon
the type of material from which the fusible link is formed, a
sufficiently long current flow time can be about 50 millisec-
onds or greater or about 100 milliseconds or greater, particu-
larly about 50 to about 500 milliseconds. In various embodi-
ments, the heating element can require that the current be
applied for a time of about 0.5 seconds or greater or about 1
second or greater, particularly about 1 second to about 4
seconds for sufficient heating to occur. Therefore, in some
embodiments, conditions defining a low power pulse can
comprise a voltage, a current, or both a voltage and a current
that is substantially the same as the same corresponding volt-
age, current, or both that is utilized for normal functioning of
the heating element, and can also comprise an active flow unit
time of about 45 milliseconds or less or about 25 milliseconds
or less, particularly about 5 milliseconds to about 25 milli-
seconds.

[0056] In other embodiments, the low power pulse can be
defined by a current and/or voltage that can be less than the
current and/or voltage that define the working status of the
heating element. For example, the electrical current that
defines a working status ofthe heating element can exceed the
current delivered by the low power pulse by a factor of 2 or
more, 5 or more, or 10 or more. A voltage that defines a
working voltage for the heating element can be about 2 volts
to about 6 volts, about 2.5 volts to about 5.5 volts, or about 3
volts to about 5 volts. The working voltage is the voltage at
which the heating element sufficiently heats to form the
desired amount of aerosol during a current flow time as
described above.

[0057] A smoking article according to the disclosure fur-
ther can comprise a component that is adapted to measure one
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or more of current, voltage, and resistance across the heating
connection. For example, a current sense resistor as further
described herein can be used. The control component can be
adapted to interpret a status of the fusible link based upon a
value provided by the current sense resistor or like compo-
nent. The control component can be adapted to allow or
disallow heating of a heating element in the cartridge portion
engaging a control portion of the smoking article based upon
the value provided by the current sense resistor. The current
sense resistor can be adapted to define a first value when the
fusible link is intact and thus is in a condition for transmission
of'the low power pulse. For example, an intact fusible link can
be defined by a first measurable resistance of a specific value
or value range, and sensing of the first resistance of the
defined value or value range by the current sense resistor upon
initiation of the low power pulse can cause the current sense
resistor to output the value to the control component that is
recognized thereby as defining that the cartridge is unused. A
fusible link that is not intact can be defined by a second
measurable resistance of a specific value or value range, and
sensing of the second resistance of the defined value or value
range by the current sense resistor can cause the current sense
resistor to output the value to the control component that is
recognized thereby as defining that the cartridge is used. The
second measurable resistance can be the resistance of the
heating element, and sensing of the second measurable resis-
tance can indicate that the cartridge has been used (i.e., the
heating connection has previously encountered an electrical
current of conditions sufficient to activate the heating element
as well as to cause the fusible link to fail).

[0058] A configuration as described above can be benefi-
cial to prevent functioning of the control component with a
non-matched cartridge (e.g., a cartridge that has been
depleted of the aerosol precursor and re-filled and/or a car-
tridge manufactured by a different entity). Therefore, a con-
trol component can be adapted to initiate a command that
does not allow for a current flow sufficient to activate the
heater to be actuated if the control component interprets the
measured resistance as evidence of a failed fusible link and/or
a cartridge that does not include a fusible link. Thereby a user
can be prevented from using the smoking article if the car-
tridge has been used prior to engagement of the cartridge and
the control body and/or if the cartridge is manufactured by
another entity that does not provide a fusible link in the
cartridge as contemplated herein.

[0059] As described herein, in specific embodiments a fus-
ible link (also referred to as a fuse) can be defined as a
component that is adapted to fail (or fuse) when an electrical
current of defined sufficient conditions is actuated to flow
through a circuit that includes the fusible link. For example,
embodiments of the fusible link are adapted to fail under
electrical conditions sufficient to initiate heating by the heat-
ing element. In some embodiments, the fusible link can be a
component adapted to provide a resistance when an electrical
current is applied thereto. Preferably, the fusible link exhibits
an electrical resistance that is significantly lower than the
electrical resistance of the heating element. For example, the
ratio of heater element resistance to fusible link resistance can
be 1.1 or greater, 1.25 or greater, 1.5 or greater, or 2 or greater.
The difference in the resistances can vary based upon the
minimum measurable resolution by the current sense resistor
and the conversion circuit, material properties, and working
conditions. Depending upon the resistance ratio, the unit time
of the low power pulse can be varied to ensure that the low
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power pulse is insufficient to fuse the fusible link. Accord-
ingly, the electrical conditions described herein can be
adjusted to meet material demands and working conditions
within the bounds of the present disclosure.

[0060] Generally, a fusible link can comprise a metal strip
or wire fuse element which has a smaller cross-section com-
pared to the circuit conductors (wiring, for example) connect-
ing the rest of an electrical circuit. A fusible link can be
mounted between a pair of electrical terminals and in various
embodiments, can be enclosed by a non-combustible hous-
ing. The fusible link can be adapted to melt directly, for
example, when subjected to an electrical current of conditions
that exceed the limits of the fusible link. In other embodi-
ments, a soldered joint within the fusible link can be adapted
to melt when subjected to the necessary conditions. Prefer-
ably, a fuse is adapted to easily carry a specified current and
melt quickly on application of the electrical current meeting
the defined conditions.

[0061] In specific embodiments, the fusible link is an elec-
trical fusible link. In exemplary embodiments, the electrical
fusible link can be defined as a short piece of conductive wire
that is at least two, at least three, or at least four American wire
gauge sizes smaller than the wire of the circuit that is being
protected. In some embodiments, a fusible link can be formed
of two pieces of metal soldered together with a fusible alloy
that is designed to melt at a specific temperature, thereby
allowing the two metal pieces to separate. The term “fusible
alloy” as used herein refers to a metal alloy capable of being
easily melted at relatively low temperatures (e.g., a tempera-
ture that is caused by heating of the fusible link due to being
subjected to an electrical current of sufficient conditions to
cause the heating element to heat to a desired working tem-
perature). In further embodiments, the fusible link can be a
mechanical element, such as a connector pin or further
mechanism, that can be mechanically disengaged under con-
ditions of electrical current flow sufficient to enable heating
of the heating element.

[0062] Various sizes and styles of fusible links can be used
in embodiments of the cartridge detection system. In some
embodiments, a fusible link is made from zinc, copper, silver,
aluminum, a metal alloy, or combinations thereof. The speed
atwhich a fuse blows is dependent on how much current flows
through it and the material from which the fuse is made. Fuse
bodies (or housing) can be made of ceramic, glass, plastic,
fiberglass, molded mica laminates, molded compressed fiber,
or other non-conductive materials known in the art. A fusible
link useful according to the present disclosure can be defined
by specific shapes, sizes, materials, or the like that can pro-
vide for desired properties.

[0063] In various embodiments, the heating connection is
in electrical connection with a component adapted to measure
the flow of electrical current across the heating connection.
Current can be converted to a voltage reading, which may
then be compared with a threshold, digitized, or otherwise
processed by a current sense circuit. As a non-limiting
example, a circuit can employ a current transformer, a hall-
effect sensor, or a magnetoresistive sensor to convert current
to a voltage reading. In various embodiments, a current sense
resistor is used due to its simplicity and relatively low cost.
Such resistors typically have low resistance values, typically
less than 50 milliohms (0.050 ohms), for example. A current
sensing resistor can be designed for low resistance so as to
minimize power consumption. A calibrated resistance can be
utilized to sense the current flowing through the current sense
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resistor in the form of a voltage drop which is detected and
monitored by control circuitry. The voltage across the current
sensing resistor then can be amplified and converted to a
current value as desired. In specific embodiments, for
example, a current sense resistor operating in connection with
a control component can be used to measure current across
the heating connection. As electrical current flows from the
power source to the heating connection a current sense resis-
tor can continuously receive and monitor the amount of cur-
rent that is coming from both the power source and the heat-
ing connection. The heating connection can comprise a
fusible link and a heating element which are electrically con-
nected in parallel arrangement. As such, the total resistance of
the fusible link and the heating element can be determined
and evaluated by the control component to determine whether
the fusible link remains intact.

[0064] An exemplary embodiment of a smoking article 10
is shown in FIG. 2 and can comprise a cartridge body 90 and
a control body 80. In the illustrated embodiment, the control
body 80 comprises a power source 40 (e.g., a battery), a
control component 20, and a current sense resistor 170.
Although FIG. 2 shows the current sense resistor 170 as being
located in the control body 80, alternative embodiments have
a current sense resistor 170 located in the cartridge body 90.
The exact location of the current sense resistor 170 is not
limiting to the present invention. Appropriate electrical wir-
ing interconnects the battery 40, control component 20, and
current sense resistor 170. The electrical connection between
the power source 40 and the control component 20 allows for
the control component to be configured to selectively actuate
current flow from the electrical power source to other com-
ponents of the smoking article. The cartridge 90 comprises a
heating connection 165 which comprises a heating element
50 and a fusible link 160. The fusible link 160 is electrically
aligned in parallel arrangement with the heating element 50.
When the control body 80 and the cartridge 90 are engaged
with one another, a closed circuit is formed such that the
heating connection 165 is in electrical connection with the
power source 40, the control component 20 and the current
sense resistor 170. The engaged cartridge and control body is
operative as otherwise described herein, and the individual
components of the smoking article can be defined as other-
wise described herein.

[0065] In use, a fusible link in a smoking article can be
adapted to work in connection with a control component and,
optionally, a current sense resistor (or similar component) to
detect the status of a cartridge. More particularly, the status
that is detectable is whether the cartridge is new (i.e., not
previously used) or whether the cartridge has been previously
activated such that heating of the heating element has
occurred. The control component of the smoking article can
process the cartridge status and thus determine whetheruse of
the cartridge is authorized. An authenticated cartridge can be
used normally with the engaged control body for aerosol
formation. The control component can be adapted to tempo-
rarily disable the control body when engaging a non-autho-
rized cartridge but allow normal usage to resume upon
engagement with an authenticated cartridge.

[0066] An example of a method of detecting a status of a
cartridge according to certain embodiments of the present
disclosure is illustrated in FIG. 3. As seen therein, such
method can comprise providing a control body at operation
400, the control body comprising a control component, a
power source, and an optional current sense resistor, and
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providing a cartridge at operation 405, the cartridge compris-
ing a heating connection which comprises a heating element,
a fusible link, and an optional current sense resistor. It is
understood that the current sense resistor is present in one of
the control body and the cartridge. The current sense resistor
is adapted to identify an indication of fusible link status.
Specifically, the current sense resistor is adapted to sense a
first resistance across the fusible link and a second resistance
across the heating element and then relay such information to
the control component.

[0067] Next, the detection method includes, at operation
410, removably engaging the cartridge with the control body
s0 as to establish a closed circuit including the power source,
the control component, the heating connection, and the cur-
rent sense resistor. The method further includes, at operation
415, actuation by the control component of a low power pulse
through the closed circuit. In specific embodiments, this low
power pulse is defined by electrical conditions (e.g., voltage
and unit time) that are insufficient to initiate heating by the
heating element and also are insufficient to fuse the fusible
link. For instance, the insufficient electrical conditions can
comprise a working voltage applied for a sufficiently short
unit time as described herein. In a return leg of the closed
circuit, the low power pulse of electrical current flows
through the current sense resistor. The detection method then
comprises, at operation 420, measuring by the current sense
resistor of the electrical current flowing from the heating
connection. At operation 425, the method comprises process-
ing the measurements from the current sense resistor through
a logic flow wherein use of the cartridge is allowed or disal-
lowed based upon the status of the fusible link. For example,
a microcontroller can be adapted to interpret the resistance
across the heating connection during the low power pulse so
as to determine whether the fuse is intact based on the mea-
sured resistance. Sensing of a first resistance can be indicative
of an intact fusible link. Sensing of a second resistance can be
indicative of a fusible link that is already fused. The recogni-
tion of an intact fusible link in a cartridge identifies the car-
tridge as being an unused cartridge. Optionally, the method as
illustrated in FIG. 3 can comprise, at operation 430, initiating
a command to authorize functioning of the control body with
the engaged cartridge or to temporarily disable the control
body until a different cartridge is engaged. An authorization
command enables flow of sufficient electrical current to heat
the heating element and thus form an aerosol.

[0068] Flow of sufficient electrical current to heat the heat-
ing element is also sufficient to cause the fusible link to fail.
Subsequent samples of the failed fuse utilizing a low power
pulse as described herein will be measured and processed so
as to indicate a used cartridge.

[0069] Illustrated in FIG. 4 is a logic flow chart that is
exemplary of a decision pathway 500 utilized by a control
component to identify cartridge status. At step A, a cartridge
body portion and a control body portion can be removably
engaged to establish a closed circuit including a power
source, a control component, a heating connection, and a
current sense resistor. Upon engagement, the control compo-
nent can initiate a low power pulse across the closed circuit at
operation 510. At operation 520, the control component can
receive the result of the detected cartridge status. After receiv-
ing the result, the control component can initiate one of two or
more commands. For example, if the fusible link is intact (i.e.,
the cartridge is unused), the control component can authorize
normal use of the cartridge at operation 530. If the fusible link
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has failed or is absent (i.e., the cartridge has been used), the
control component can temporarily disable the control body
at operation 540. At step B, the cartridge body portion and the
control body portion are disengaged from one another, such
as following full, normal use of a cartridge per pathway
operation 530 or following temporary disabling of the control
body per pathway 540. Following disengagement, at opera-
tion 550 the detection routine is reset. The cartridge body
portion is then in condition to be engaged with a cartridge and
the logic flow routine can be carried out again. Therefore, any
new cartridge body portion engaged with the control body
portion will cause the control component to run the subrou-
tine again at point A. As seen above, in various embodiments,
the control component is configured to reset when a cartridge
is disengaged from the control body and the electrical circuit
is interrupted. This allows for the control body to be reused
with new cartridges that have been authorized for use accord-
ing to the method steps described above.

[0070] In some embodiments, a similar logic flow can be
utilized for sampling of the cartridge by the control body
between each puff on the device. For example, after the car-
tridge has been authenticated, the low power pulse can be
initiated between puffs on the device to confirm the working
condition of the heater element. The reset of the detection
routine at operation 550 after disengagement of the cartridge
can still apply in such embodiments.

[0071] Although the various figures described herein illus-
trate the control body and the cartridge in a working relation-
ship, it is understood that the control body and the cartridge
can exist as individual devices. Accordingly, any discussion
otherwise provided herein in relation to the components in
combination also should be understood as applying to the
control body and the cartridge as individual and separate
components.

[0072] In another aspect, the invention can be directed to
kits that provide a variety of components as described herein.
For example, a kit can comprise a control body with one or
more cartridges. A kit further can comprise a control body
with one or more charging components. A kit further can
comprise a control body with one or more batteries. A kit
further may comprise a control body with one or more car-
tridges and one or more charging components and/or one or
more batteries. In further embodiments, a kit may comprise a
plurality of cartridges. A kit further may comprise a plurality
of cartridges and one or more batteries and/or one or more
charging components. The inventive kits further can include a
case (or other packaging, carrying, or storage component)
that accommodates one or more of the further kit compo-
nents. The case can be a reusable hard or soft container.
Further, the case can be simply a box or other packaging
structure.

[0073] Many modifications and other embodiments of the
invention will come to mind to one skilled in the art to which
this invention pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the invention
is not to be limited to the specific embodiments disclosed
herein and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are
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used in a generic and descriptive sense only and not for
purposes of limitation.

1. A smoking article, comprising:

a power source;

a control component adapted to control power delivery

from the power source; and

a heating connection comprising a heating element and a

fusible link.

2. A smoking article according to claim 1, wherein a con-
trol body houses the power source and the control component,
wherein a cartridge body houses the heating connection, and
wherein the cartridge body is configured to removably engage
the control body.

3. A smoking article according to claim 1, wherein the
power source is selected from the group consisting of a bat-
tery, a capacitor, and combinations thereof.

4. A smoking article according to claim 1, wherein the
heating element is a resistance heating element.

5. A smoking article according to claim 1, wherein the
fusible link is an electrical fusible link.

6. A smoking article according to claim 1, wherein the
fusible link is a mechanical fusible link.

7. A smoking article according to claim 1, wherein the
fusible link is adapted to fail under electrical conditions suf-
ficient to initiate heating by the heating element.

8. A smoking article according to claim 1, wherein the
fusible link and the heating element are electrically aligned in
parallel arrangement.

9. A smoking article according to claim 2, wherein the
heating connection, the power source, and the control com-
ponent define a closed electrical circuit when the control body
and the cartridge body are engaged.

10. A smoking article according to claim 9, wherein the
control component is configured to selectively actuate a first
electrical current flow of a first set of conditions from the
power source to the heating connection, said first electrical
current flow being insufficient to initiate heating by the heat-
ing element.

11. A smoking article according to claim 10, wherein the
first set of conditions comprises a voltage that is substantially
the same as a voltage that defines a working voltage for the
heating element and a current flow duration of about 45
milliseconds or less.

12. A smoking article according to claim 11, wherein the
current flow duration is about 5 milliseconds to about 25
milliseconds.

13. A smoking article according to claim 11, wherein the
working voltage is about 2 volts to about 6 volts.

14. A smoking article according to claim 10, wherein the
electrical circuit further comprises a current sense resistor.

15. A smoking article according to claim 14, wherein the
current sense resistor is adapted to measure a value that is
indicative of the fusible link status.

16. A smoking article according to claim 15, wherein the
control component is adapted to initiate a logic sequence
based upon a value received from the current sense resistor.

17. A smoking article according to claim 16, wherein,
based upon the logic sequence, the control component either
allows normal use of the cartridge engaging the control body
or temporarily disables the control body until engaging with
a different cartridge.

18. A smoking article according to claim 10, wherein the
control component is configured to selectively actuate a sec-
ond electrical current flow of a second set of conditions from
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the power source to the heating connection, said second elec-
trical current flow being sufficient to initiate heating by the
heating element.

19. A smoking article according to claim 18, wherein the
second electrical current flow is applied for a time duration
that exceeds a current flow time at which the fusible link is
adapted to fail.

20. A smoking article according to claim 1, wherein the
control component comprises a microcontroller.

21. A smoking article according to claim 2, wherein the
cartridge body further comprises a consumable arrangement
in communication with the heating element.

22. A smoking article according to claim 21, wherein the
consumable arrangement comprises an aerosol precursor
composition.

23. A smoking article according to claim 22, wherein the
aerosol precursor composition is selected from the group
consisting of a polyhydric alcohol, a medicament, a tobacco
component, a tobacco-derived material, a flavorant, and com-
binations thereof.

24. A smoking article according to claim 23, wherein the
polyhydric alcohol is selected from the group consisting of
glycerin, propylene glycol, and combinations thereof.

25. A smoking article according to claim 21, wherein the
consumable arrangement comprises a substrate and an aero-
sol precursor composition, and wherein the aerosol precursor
composition is one of coated on, adsorbed by, and absorbed in
at least a portion of the substrate.

26. A method of detecting a status of a cartridge in a
smoking article, comprising:

providing a control body comprising a control component

and a power source;

providing a cartridge body comprising a heating connec-

tion comprising a heating element and a fusible link; and
removably engaging the cartridge body with the control
body so as to establish a closed electrical circuit com-
prising the heating connection, the power source, and the
control component, and so as to cause the control com-
ponent to initiate a first electrical current flow of a first
set of conditions from the power source to the heating
connection, wherein the control component identifies a
cartridge status based upon a characteristic of the first
electrical current flowing through the electrical circuit.
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27. A method according to claim 26, wherein the power
source is selected from the group consisting of a battery, a
capacitor, and combinations thereof.

28. A method according to claim 26, wherein the closed
electrical circuit further comprises a current sense resistor
positioned in one of the control body and the cartridge.

29. A method according to claim 28, wherein the current
sense resistor measures the characteristic of the first electrical
current and relays the measurement to the control component.

30. A method according to claim 29, wherein a first value
for the characteristic is processed by the control component
as being indicative of an intact fusible link and an unused
cartridge.

31. A method according to claim 29, wherein a second
value for the characteristic is processed by the control com-
ponent as being indicative of a failed fusible link and a used
cartridge.

32. A method according to claim 26, wherein the condi-
tions of the first electrical current flow are insufficient to
initiate heating of the heating element.

33. A method according to claim 26, wherein the control
component comprises a microcontroller.

34. A method according to claim 26, wherein the cartridge
body comprises a consumable arrangement in communica-
tion with the heating element.

35. A method according to claim 34, wherein the consum-
able arrangement comprises an aerosol precursor composi-
tion.

36. A method according to claim 35, wherein the aerosol
precursor composition is selected from the group consisting
of'a polyhydric alcohol, a medicament, a tobacco component,
a tobacco-derived material, a flavorant, and combinations
thereof.

37. A method according to claim 36, wherein the polyhy-
dric alcohol is selected from the group consisting of glycerin,
propylene glycol, and combinations thereof.

38. A method according to claim 37, wherein the consum-
able arrangement comprises a substrate and an aerosol pre-
cursor composition, and wherein the aerosol precursor com-
position is one of coated on, adsorbed by, and absorbed in at
least a portion of the substrate.
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